A Giant Sauropod Dinosaur from an Upper Cretaceous Mangrove Deposit in Egypt
Joshua B. Smith, 1 * Matthew C. Lamanna, 1 Kenneth J. Lacovara, 2 Peter Dodson, 1, 3 Jennifer R. Smith, 1 Jason C. Poole, 4 Robert Giegengack, 1 Yousry Attia 5 We describe a giant titanosaurid sauropod dinosaur discovered in coastal deposits in the Upper Cretaceous Bahariya Formation of Egypt, a unit that has produced three Tyrannosaurus-sized theropods and numerous other vertebrate taxa. Paralititan stromeri is the first tetrapod reported from Bahariya since 1935. Its 1.69-meter-long humerus is longer than that of any known Cretaceous sauropod. The autochthonous scavenged skeleton was preserved in mangrove deposits, raising the possibility that titanosaurids and their predators habitually entered such environments.
In the early 20th century, the Bavarian (5, (8) (9) (10) ). Here we describe the partial skeleton of an extremely large sauropod dinosaur, the first tetrapod reported from Bahariya since 1935 (11) . The specimen consists largely of vertebrae, pectoral girdle, and forelimb elements and is preserved in sediments indicative of intertidal deposits. A number of morphological differences distinguish the humerus of the specimen ( Fig. 2A) from that of Aegyptosaurus, precluding referral to that genus (12) . Because of these distinctions and its possession of several autapomorphies, we designate the new specimen as Paralititan stromeri, gen. et sp. nov. (13) . Two preserved caudal sacral centra of Paralititan lack pleurocoels. The centrum of the first caudal vertebra (Fig. 2B ) is wider than high and procoelous, and has a convex distal articular condyle. The centrum is not biconvex, as in the titanosaurids Alamosaurus (14) , Neuquensaurus (14) , and Pellegrinisaurus (15) . Its ventral surface has weakly developed longitudinal ridges laterally bordering a sagittal concavity. A postspinal lamina is present between spinopostzygapophyseal laminae on the distal surface of the neural spine. A second proximal caudal ( Fig. 2C ) is strongly procoelous and has a well-developed distal condyle.
The scapula is concave medially. A prominent dorsomedial rugosity borders the medial concavity as in the titanosaurids Aeolosaurus, Lirainosaurus, Neuquensaurus, and Saltasaurus (14, 16) . Distal to the glenoid, a well-developed tabular process projects from the caudoventral margin of the scapula. The development of this structure in Paralititan is equaled only in a scapulocoracoid referred to the brachiosaurid Brachiosaurus altithorax (17) .
The humerus is strongly expanded proximally and distally. Because of the modest de- Table 1 . Phylogenetic data matrix. The macronarian Camarasaurus is postulated as an outgroup of titanosauriformes (45, 46) . Character codings are as follows: 0, hypothesized plesiomorphic states; 1 and 2, hypothesized derived states; ?, missing or uncertain data (19 (19) places Paralititan within Titanosauridae ( Fig. 3 and Table 1 ). Characters supporting its inclusion within the clade include strongly procoelous proximal caudal centra with well-developed postspinal laminae, a proximolateral process on the humerus, and reduced manual phalanges. The position of Paralititan within Titanosauridae permits an estimation of its body size (Fig. 2D) . The humerus is 1.69 m in length, ϳ14% longer than the next longest known humerus from a Cretaceous sauropod (20) . The South American titanosaurid Argentinosaurus is regarded as the most massive terrestrial animal known and may have approached 90 metric tons (21) and 30 m in length (22) . The humerus of Argentinosaurus is unknown, but we estimate its length at 1.81 m (7.5% longer than that of Paralititan), using more complete titanosauriforms (23) . Therefore, Paralititan is probably not as large as Argentinosaurus but represents one of the heaviest terrestrial vertebrates yet discovered. Paralititan is preserved in low-energy paralic sediments, representing vegetated tidal flats and tidal channels. These units alternate vertically and are laterally variable. The tidal flat facies is a brown friable shale, rich in rhizoliths and plant remains, often containing leaf compressions and stems of the mangrove (24) tree fern Weichselia reticulata (25, 26) . In some places the facies is found, conformably, above glauconitic nearshore marine sands, a stratigraphic relationship that supports a mangrove interpretation. The relationship appears to be conformable, as evidenced by a lack of ravinement surfaces between occasional rhizoliths that extend from lagoonal muds into marine sands. This succession of environments is known to occur along modern low-energy coasts, where mangroves prograde out onto the active shore face (27, 28) . The seaward migration of mangroves into the open marine realm requires both a low-energy littoral zone and wave-resistant salt-tolerant plants, such as Weichselia.
The Paralititan quarry spans both tidal channel and vegetated tidal flat facies (Fig. 2E) . In situ plant roots, throughout the bone layer, indicate limited water depth, and fine-grained sediments suggest low current velocities. The closely associated elements could not have been transported to this location as clasts. In addition, the shallow, vegetated tidal flat would prevent a large sauropod carcass from floating to this location. Evidence therefore indicates that this individual walked to this location, over tidal flats and along tidal channels, before its death. Furthermore, the specimen shows indications of being scavenged by a carnivorous dinosaur (29) . Therefore at least two species of Bahariya dinosaur traversed paralic environments.
It is interesting that this extremely productive biota, containing some of the largest known terrestrial vertebrates (30) , occurs during a time with extremely low thermal gradients from pole to pole and high global sea levels (31, 32) . Mid-Cretaceous ocean-atmosphere systems are of particular interest in paleoclimate research, representing extreme "hothouse" conditions for post-Pangaean Earth history. The apparently high productivity of this Cenomanian environment may reflect a biotic response to some aspect of this condition.
